INTRODUCTION {#sec1-1}
============

The quadricuspid aortic valve (QAV) is a very rare congenital anomaly, with a prevalence of 0.008% and 0.043% in autoptic and echocardiographic studies, respectively.\[[@ref1][@ref2][@ref3]\] It is complicated with aortic insufficiency, with a slow and progressive evolution. Significant valvulopathy is often toward the fifth to sixth decade.\[[@ref4]\]

Most frequently isolated, it is, sometimes, associated with other congenital heart defects. The extensive use of transthoracic (TTE) and transesophageal echocardiography (TEE) and systematic study of the aorta morphology allow an accurate detection of this anomaly.

This review was inspired by a clinical case of QAV came to our attention. Therefore, after the presentation of case report will be presented the current state of knowledge of this congenital heart disease. Will be discussed embryogenesis, anatomic variations, diagnostic process and the natural course of QAV.

CLINICAL CASE {#sec1-2}
=============

A 63-year-old woman, suffering from systemic hypertension treated with beta-blockers; about 1-year palpitations was referred in our echolab to perform a transthoracic echocardiogram (TTE).

On examination, her auscultation revealed a 2/6 diastolic aortic murmur, not signs of heart failure (no S3 or S4, no pulmonary rales, no peripheral edema).

TTE showed normal left ventricular dimensions and function (ejection fraction: 64%). The normal size of aortic root and ascending aorta, the aortic valve had atypical morphology; on diastole the cusps closure appeared like an "X" for probable QAV \[[Figure 1](#F1){ref-type="fig"}\]. We speculated an aortic cusps anomaly, but the acoustic window was not accurate to see closely the aortic valve. The color Doppler highlighted moderate aortic regurgitation.

![Transthoracic echocardiogram: At short-axis view, the aorta closure appears like a "X" with 4 cusps](JCE-25-72-g001){#F1}

To better define the aortic morphology, we performed a TEE. The short-axis aortic view confirmed, on diastole, the cusps closure with an X-shaped instead of the usual Y-shaped appearance, in systole were clearly visualized 4 cusps with the valve opening similar to a "square." All four cusps have equal size, were thickened and fibrous \[[Figure 2](#F2){ref-type="fig"} and [Video 1](#SD1){ref-type="supplementary-material"}\]. Long-axis view confirms the cusps thickening and highlights the normal size of the aortic apparatus and ascending aorta \[[Figure 3](#F3){ref-type="fig"}\]. The color-Doppler confirmed the moderate aortic regurgitation with a central jet due to the failure of leaflets coaptation \[[Figure 4](#F4){ref-type="fig"}\]. No other congenital heart anomalies.

![(a) Transesophageal echocardiography short-axis of the aorta: Diastolic closure of cusps is like an "X," the sinuses of Valsalva are four, normal onset of coronary arteries. (b) in systole, the valve opens like a "square"](JCE-25-72-g002){#F2}

![Transesophageal echocardiography longitudinal view: The aorta has thickened leaflets with normal systolic excursion. The measures of the aortic apparatus and ascending aorta are normal](JCE-25-72-g003){#F3}

![Transesophageal echocardiography color Doppler: Flow turbulence created by fibrous aortic leaflets](JCE-25-72-g004){#F4}

Date the moderate degree of aortic regurgitation, normal ventricular diameters and left ventricular function the management of this case was for TTE follow-up and prophylaxis for infective endocarditis.

EMBRYOLOGY {#sec1-3}
==========

The semilunar valves development starts during the 5 week, with two mesenchymal ridges that form the cephalic portion of the truncus arteriosus. These ridges fuse, descend into the ventricles and form the aortopulmonary septum. Each semilunar valve consists of three mesenchymal swelling that growing up, become excavated and form three cusps. This process is well advanced by week 6 and virtually complete by week 9.

The embryology of QAV remains unknown. Some mechanisms have been suggested: Such as anomalous septation of the conotruncus, excavation of one of the valve cushions, and septation of a normal valve cushion as a result of an inflammatory episode.\[[@ref5][@ref6][@ref7][@ref8]\] Some studies have suggested that QAV may result from the division of one of the three mesenchymal ridges that normally give rise to three aortic valve cushions.\[[@ref9][@ref10]\] They also demonstrated, at least in Syrian hamsters, that the division of the valve cushion starts at a very early stage of valve formation when the conotruncal ridges begin to fuse. The development of the aortic valve leaflets occurs temporally just after the formation process of the coronary artery origins from the sinuses of Valsalva.\[[@ref11]\] For this reason, one could speculate that a single developmental abnormality might result in a variety of abnormalities in the aortic root. Therefore, abnormalities septation of aortic cusps could be embryologically related to abnormal growing of coronary arteries.

True QAVs must be distinguished from pseudo-QAVs resulting from bacterial endocarditis or rheumatic fever. To be considered a truly congenital malformation caused by abnormal embryogenesis, each cusp should contain a corpus Arantii.\[[@ref6]\]

INCIDENCE {#sec1-4}
=========

The bicuspid aortic valve is the most common aortic valve anomaly (2% of general population) followed by unicuspid aortic valve.\[[@ref12][@ref13]\] The truncal valve of truncus arteriosus is frequently quadricuspid but represents another congenital heart disease and is not subject of this review.\[[@ref14]\]

The QAV is very rare. The first case described in the literature dates back to 1862 when Balington discovered it incidentally in the autoptic study.\[[@ref15]\] The first *in vivo* description dating 1968, by Robicsek *et al*.\[[@ref16]\]

The incidence of this anomaly is difficult to define and varies according to the modality of recognition and if this was specifically looked for. In autoptic series, Simonds diagnosed QAV in 0.008%; while in another study of 225 patients, Davia *et al*. not found QAVs.\[[@ref5][@ref17]\] In surgical studies Olson *et al*. observed an incidence of 1% in 225 patients undergoing to aortic valve replacement for pure aortic regurgitation; in contrast Turri *et al*. failed to find QAV on examination of 602 surgical specimens of aortic valve.\[[@ref18][@ref19]\]

More recently, echocardiographic studies showed an incidence slightly higher and equal to 0.043%.\[[@ref2]\] This mismatch is not surprising since echocardiography allows a systematic study of the aortic valve, on larger and not complicated population; therefore, the ultrasound incidence seems to be closer to reality.

ANATOMIC VARIATIONS AND ASSOCIATED HEART DEFECT IN QUADRICUSPID AORTIC VALVE {#sec1-5}
============================================================================

Although characterized by four cusps, the QAV presents anatomical variations, according to the cusp size. Hurwitz and Roberts, in their series of 97 patients, proposed a classification in seven subtypes universally accepted in all isolate clinical cases and small series published later \[[Figure 5](#F5){ref-type="fig"}\].\[[@ref7]\]

![Anatomic variations of QAV proposed by Hurwitz and Roberts. Left panel = Frontal view of cusps in different types of QAV, Top-right panel = Short-axis view of QAV, Bottom-right panel = Classification of different types. QAV = Quadricuspid aortic valve \[from 7 adapted\]](JCE-25-72-g005){#F5}

To date, three major series and many isolated cases have been published for a total of 271 patients; all cases are classified in the same way. Types A, B, and C are represented in more than 85%; while type D variant is very rare.\[[@ref4]\]

Still now, is unknown whether this classification has only a morphological value or if, different types of QAV have distinct prognostic implications.

In general, QAV with four equal sized leaflets are less likely to develop fibrous thickening and significant aortic regurgitation while presence of an additional cusp smaller than other, could develop unequal distribution of stress, fibrosis and abnormal coaptation, facilitating a significant regurgitation.\[[@ref20]\] This hypothesis seems the most likely, although other mechanisms could be possible.

The QAV usually appears as an isolated congenital anomaly, but may also be associated with other heart conditions. The most common is the abnormally placed ostia (10% of cases) involving both in left and right coronaries.\[[@ref21][@ref22][@ref23]\] Others cardiac anomalies are ventricular septal defect, hypertrophic nonobstructive cardiomyopathy, pulmonary valve stenosis, patent ductus arteriosus, subaortic fibromuscolar stenosis, supravalvular stenosis with left coronary artery atresia and mitral valve malformation.\[[@ref3][@ref7][@ref22][@ref24][@ref25][@ref26][@ref27][@ref28]\]

DIAGNOSIS {#sec1-6}
=========

The extensive use of echocardiography, harmonic imaging, full digital equipment and transesophageal approach allowed to verify the diagnosis of QAV earlier and in a greater number of cases, than surgical or autoptic series. Typically, the QAV is recognizable in many cases with TTE. The short-axis view at the aorta level allows accurate visualization of number, thickening and mobility of the aortic cusps; classical pattern is a "X-shaped" commissural aortic valve in diastole compared to the "Y" in the trileaflets. The color Doppler evaluates presence and severity of aortic regurgitation.

In some cases, TTE fails the diagnosis but, at least, raises the suspicion of anomalous cusps (often for the bicuspid aorta). In these cases, TEE is an accurate tool to define the diagnosis, demonstrate the four cusps, their size, ranking variant QAV, and visualize the possible displacement of coronary ostia.\[[@ref29][@ref30][@ref31]\] Magnetic resonance imaging and computed tomography have a very high diagnostic value, but their use in clinical practice is not advised.\[[@ref32][@ref33]\]

Prompt detection of QAV is important since it evolves to aortic regurgitation which while rare in children and adolescents, in adults may require surgical treatment.

Natural history {#sec2-1}
---------------

The relative small number of QAV reported in the literature does not allow definite conclusions about the natural history.

This anomaly has been frequently associated with aortic regurgitation (75% of cases), normal aortic valve function was reported in 16% of QAV patients while valvular stenosis is uncommon.\[[@ref22]\]

Progression to moderate-severe regurgitation is rare before adulthood; the largest review published included 186 patients, aged between 2 and 84 years; in this series, the highest incidence of normal valve function was in patients under 18 years and worsening function after 40 years.\[[@ref22]\] The higher prevalence of severe aortic regurgitation (75% of cases) and surgery (50% of aortic regurgitation) is in the fifth or sixth decade \[[Figure 6](#F6){ref-type="fig"}\].\[[@ref3][@ref4][@ref22]\]

![Age distribution of QAV. QAV = Quadricuspid aortic valve \[from 4 adapted\]](JCE-25-72-g006){#F6}

Unlike bicuspid aortic valve, QAV is not associated to ascending aorta dilatation. In fact, in almost of cases reported, aortic root, and ascending aorta were within normal limits. This data has clinical and management significance.

There is no significant sex preference with regards to QAV distribution but only a slight male predominance.\[[@ref7][@ref22]\]

Infective endocarditis was found in 1.4% of cases. Therefore, prophylaxis is advised.\[[@ref7][@ref34][@ref35][@ref36][@ref37]\]

In a not negligible number of cases (about 10%) QAV is associated with abnormal placed coronary ostia. This not clinically harmful anomaly has practical importance for surgical intervention to guide the surgeon to the most appropriate approach. In literature were published cases of deaths as a result of coronary ostium obstruction by a prosthetic aortic ring.\[[@ref32]\]

DISCUSSION {#sec1-7}
==========

In the present knowledge on QAV, the clinical case reported is representative for anatomical features and natural history. The patient was asymptomatic until the sixth decade, QAV was the most common variant (type A with four equal cusps), aortic regurgitation was due to cusps fibrosis and the aortic root and ascending aorta were normal. Our case confirms the screening value of TTE in suspicion of aortic valve cusps anomaly, and the accurate diagnostic role of TEE in QAV.

QAV is a rare anomaly. Its incidence varies from 0.008% to 0.043% based on the diagnostic modality. Furthermore, the incidence of echocardiographic series is underestimated, but certainly, closer to the real world.

More frequently QAV is an isolated finding, but may be associated with other random heart lesions. The most frequent and dreaded coexisting injury is the anomalous placed coronary ostia, secondary to the possible different position of the Valsalva sinuses than in aortic tricuspid valve.

Echocardiography is a very accurate technique for the diagnosis. TTE allows in many cases the diagnosis and sets the severity of aortic regurgitation, left ventricular size and function, the presence of associated cardiac lesions and ascending aorta size. TEE, however, is a more sensitive tool that defines all details unclear at TTE and visualizes correctly the coronary ostia.

The QAV is one cause of significant aortic regurgitation that is the predominant clinical finding; recognize it is particularly important for surgical management. In fact, from viewpoint of the surgeon, it is important to notice any displacement of the coronary ostia in order to prevent ostial obstruction at the time of valve replacement or repair.

Unlike bicuspid aortic valve, QAV not seems associated to ascending aorta dilatation.

CONCLUSION {#sec1-8}
==========

The systematic TTE study of the aortic valve should consider not only the bicuspid aortic valve but also the QAV. This anomaly, although rare, has a different clinical impact; aortic regurgitation, abnormal placed coronary ostia and the absence of ascending aortic dilatation seem to be the key features.
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